Background: Fulvestrant 500 mg (F500) is the most active endocrine single agent in hormone receptor-positive (HR+)/HER2-negative metastatic breast cancer (MBC). Few data are available regarding the effectiveness of the drug in a real-world setting.
Introduction
Breast cancer, one of the three most common malignancies worldwide, is a disease strongly related with age, with the highest incidence among elderly, postmenopausal women. 1 Approximately 70-80% of breast cancers are estrogen receptor (ER) or progesterone receptor (PgR)-positive and thus potentially sensitive to endocrine therapy (ET). The main international guidelines endorse ET as the preferred first-line option for hormone receptor-positive (HR+) disease in postmenopausal women, even in the presence of visceral disease (but not in cases of visceral crisis or concern/proof of endocrine resistance). At some point of her clinical history, every woman with HR+/HER2 metastatic breast cancer (MBC) will receive one or more ET lines in the context of a sequential strategy. 2 The choice of the upfront and subsequent agents mainly depends on the type of adjuvant ET as well as the disease-free interval from its completion; these can be aromatase inhibitors (AIs), tamoxifen, or fulvestrant. 3 However, almost all women with initially endocrine-sensitive disease will develop a resistance to ET, either as an early failure (de novo resistance), or as a progression after an initial response (acquired resistance). 4 The optimal sequence of single endocrine agents and combinations with targeted agents is yet to be defined and is a research priority.
Fulvestrant (Faslodex®) is an anti-estrogen that belongs to the selective ER down-regulators class and is characterized by a novel mechanism of action, being a pure antagonist of ER, without partial agonist activity. 5 Preclinical and clinical studies have also demonstrated the lack of crossresistance between fulvestrant and other hormonal treatments. 6, 7 According to the suggested concept of the dosedependent activity of fulvestrant, 8 the phase III study CONFIRM randomized patients with MBC, progressing after previous endocrine treatment with tamoxifen or AIs, to receive fulvestrant 500 mg (F500) versus 250 mg (F250). F500 significantly improved progression-free-survival (PFS) compared with F250 as well as the overall response rate (ORR) and clinical benefit rate (CBR) 9 ; this study led to the adoption of F500 for the treatment of HR+ postmenopausal women with disease progression following anti-estrogen therapy. An unplanned survival analysis showed that F500 had a favorable hazard ratio 0.81 (p = 0.016) compared with F250 in terms of the risk of death, with an absolute 4.1 month increase in median overall survival (OS). 10 The phase II trial FIRST randomized women with previously untreated disease to receive F500 versus anastrozole. As for the primary endpoint of CBR, F500 and anastrozole proved to be similar, as well as for ORR 11, 12 ; notably, the median time to progression and OS significantly favored F500. 13 Finally, the phase III study FALCON confirmed the superiority of F500 over anastrozole as first-line therapy for HR+ untreated metastatic disease. 14 The recently published randomized, phase III, placebo-controlled, PALOMA-3 trial demonstrated that the addition of the cyclin-dependent kinase (CDK)4/6 inhibitor palbociclib to F500, in women relapsed or progressed after prior ET, was able to provide a significant benefit in PFS and also improved quality of life (QoL). 15, 16 Beside randomized clinical trials, so far, few data are available regarding the effectiveness and safety of F500 in the real-life setting. The aim of this observational, prospective, longitudinal cohort study was to describe the patterns of treatment and performance of F500 in a large population of unselected women with MBC, with a focus on the potential prognostic or predictive factors for disease outcome and treatment response.
Patients and methods

Study design
This is an open-label, longitudinal, prospective, multicenter cohort study conducted from January 2011 to December 2015 at three oncology institutions in Northern Italy (two university hospitals, one community hospital). All of them usually treat more than 150 new cases of breast cancer per year and are representative of the geographical area. The study was approved by the Ethical Committee of the Coordinator Center (ICS Maugeri IRCCS), protocol no. 2086 CE; all patients provided written informed consent for the inclusion in the study, analysis, and anonymized publication of clinical data. 
Study population
Statistical analysis
The primary aim of the study was to analyze the effectiveness of F500 in terms of PFS and CBR. PFS was defined as the time interval from the start of therapy with F500 to the date of PD; CBR was defined as the percentage of patients experiencing a complete response (CR), partial response (PR), or stable disease (SD) lasting 6 months or more. Clinical responses were evaluated according to the RECIST criteria, version 1.1.
Secondary aims included the evaluation of safety events and OS. Toxicity was graded according to the National Cancer Institute Common Terminology Criteria (NCI-CTCAE), version 4. 18 OS was calculated as the interval from therapy start with F500 to the date of death or of last follow-up evaluation. A subgroup analysis was performed to identify potential prognostic or predictive factors for disease outcome and treatment response. Population characteristics and treatment-related variables were analyzed using standard descriptive statistical methods. The Chi-squared test was applied to categorical variables. The level of significance of statistical tests was set at p < 0.05. PFS and OS were estimated using the Kaplan-Meier method. The Cox regression model was used for univariate and multivariate analysis.
As for subgroup analysis, the variables investigated were: age (>65 versus ⩽65 years); tumor stage at disease presentation (IV versus I-III); disease-free interval (DFI) from adjuvant treatment (>24 months versus ⩽24 months); number of metastatic sites (>2 versus ⩽2); liver involvement (yes versus no); prior CT before F500 (yes versus no); line of treatment with F500 (⩾3 versus 1-2); and treatment setting (treatment at PD versus maintenance).
Results
Patient characteristics
A total of 490 patients met the research criteria and 480 were considered for data analysis. Overall, 10 patients were excluded for incomplete or missing data, while all women were evaluable for toxicity, as described in the patient flow diagram ( Figure 1 ). Clinical and demographic characteristics are reported in Table 1 . The median age at study entry was 66 years (range 56-81); 39.2% of the patients were aged 65 years or less. Eastern Cooperative Oncology Group (ECOG) performance status was 0-1 in almost all patients (91.6%). As for patients with metachronous disease progression (79% of the evaluable population), the median DFI was 64 months (range . About 30% of these patients had received an AI, with or without tamoxifen, in the adjuvant setting. As for the metastatic setting, 24% of patients had received F500 as a first-line option, while 41% had received CT alone or in sequence with a hormonal agent (an AI in 95% of cases). A total of 101 patients had a metastatic disease ab initio (21% of the overall population).
The majority of patients had metastases involving one or two organs (62.9% and 22.7% respectively). In addition, 32.5% of patients had visceral involvement, whereas 56.2% had bone-only metastases. A total of 306 patients received F500 after PD, 102 and 72 were treated as maintenance therapy following first or second-line CT, respectively ( Figure 2 ). As shown in Figure 3 , treatment patterns of F500 interestingly changed over the study period, with an increasing proportion of women receiving the drug as an always earlier line of therapy and as a maintenance strategy. At a median follow up of 35 months (range 18-56), no difference in median PFS was observed in patients receiving the drug at PD or as a maintenance (11.6 and 11.1 months, respectively). When analyzed according to the treatment line (1st, 2nd, ⩾3rd) median PFS values were significantly prolonged when F500 was administrated as a first-line treatment (12.5 months), to decrease progressively in second and subsequent lines of treatment (11.4 and 6.2 months respectively). By contrast, in the maintenance setting, similar PFS values were observed among subgroups of patients treated at disease stabilization or following a response (11.2 and 10.9, respectively; Table 2 ). Median OS in the whole population was 26.8 months, ranging from 32.4 months in the first line to 22.0 and 13.7 months in second and subsequent lines, respectively ( Figure 4 ).
A subgroup analysis was performed in order to identify variables of potential predictive or prognostic value. Both the presence of liver metastasis and the treatment line were significantly associated with a worse PFS at the univariate analysis, and the difference was maintained in the multivariate analysis. For OS, the presence of liver metastasis, previous CT for metastatic disease and the F500 treatment line were negatively associated with a worse OS, but only the presence of liver metastasis maintained its negative predictive role also in multivariate analysis (Table 3 and Figure 5 ).
Treatment safety
The median drug exposure was 14.6 months (range 5.6-26.1). Overall, treatment was well tolerated with good compliance in the outpatient setting. No severe drug-related adverse events were recorded; in no case was treatment delayed or interrupted and no death occurred because of toxicity. As expected, the most common adverse events were joint disorders, hot flushes, and myalgia. No substantial difference in incidence and severity of adverse events was seen between the two groups of women receiving the drug at progression of disease or as maintenance therapy (Table 4) .
Discussion
The aim of this study was to verify the performance of F500 in a real-world setting, while analyzing the patterns of treatment and the physicians' actual prescription attitude. To the best of the CT: chemotherapy; F500, fulvestrant 500 mg; PD: progressive disease; SD: stable disease.
authors' knowledge, the experience reported here is the largest real-life series of unselected patients treated with F500 over a 5-year time span. In such a heterogeneous cohort we can identify at least three different clinical situations. The first scenario involves women receiving the drug at disease progression after prior adjuvant or firstline treatment (n = 205). In this population, a median PFS of 11.6 months and a CBR of 54% were observed. These results compare favorably with the values of 45.6% CBR and median PFS of 6.5 months reported by the phase III CONFIRM trial, in which the most represented subgroup consisted of patients relapsed on adjuvant ET or presenting with de novo advanced disease progressing on the first line. 9,10 By contrast, in our population, 139 (68%) out of 205 patients received F500 beyond the third line and up to the seventh line of treatment; in addition, 64% of them had previously been treated with CT alone or in sequence with different endocrine agents.
A second picture emerges with regards to women receiving the drug as a first-line treatment option: our data mainly refer to patients with de novo metastatic disease, who are recognized as having relatively good prognosis when compared with those with recurring disease. 19, 20 The observed median PFS of 12.5 months with a CBR of 72.2% are in keeping with those of the FALCON trial, which reported a median PFS of 16.6 months in ET-naïve patients diagnosed with MBC from less than 1 year, and among which only one-third had previously received CT. 14 Although the results of the FALCON study suggest a particular sensitivity to F500 in de novo stage IV disease, caution should be used when interpreting these results, because this study was not powered to assess this question. We agree with the hypothesis that metastatic disease with visceral involvement indicates not only a more aggressive behavior, but also a larger tumor burden and heterogeneous estrogen sensitivity. 21 In this special population, a combination of F500 with other endocrine or target agents might be appropriate. 16, 22 On the other hand, a recently reported prespecified subgroup analysis across the PALOMA-3 population showed that the presence of visceral metastases maintained an independent negative prognostic value, also when F500 was combined with palbociclib. 16 Of interest in our study, is the analysis of patients with liver metastasis: a poorer outcome in terms of both PFS and OS was observed at statistical analysis, with liver involvement resulting in the only one negative prognostic factor for disease outcome at multivariate analysis. These findings address the still open question on the potential higher benefit achievable with endocrine single agents in women without visceral metastases, for which ET is widely considered to be the best therapeutic strategy. [23] [24] [25] [26] An additional, an element of heterogeneity in our experience regards the third and last clinical situation, concerning the use of F500 as a maintenance strategy. In daily clinical practice, switching to ET during CT is a commonly employed strategy, aiming to reduce treatment side effects without compromising the disease outcome. Such an approach is based on the biological rationale of the control of the regrowth of hormone-dependent clones after maximum cytoreduction obtained by CT 27 and is also supported by the European Consensus Guidelines with a level of evidence of 1C. 2 In our series, 36% of enrolled women received the drug as a maintenance ET following first-or second-line CT (102 and 72 patients, respectively): the observed median PFS was similar to that of patients treated at PD (11.1 and 11.6 months, respectively), while a slight difference between patients treated following disease stabilization or documented response was observed in terms of both ORR (4.5% and 8.3%, respectively) and CBR (43.9% and 56.5%, respectively). Data on this topic are scarce in the literature, and only one prospective randomized study with maintenance medroxyprogesterone is available. 28 The results of a large retrospective study on 934 MBC patients receiving ET after response or stabilization following first-line CT compare favorably with ours, because this strategy seemed related to a better PFS and OS. As in our population, the achieved benefit appeared of the same magnitude in patients achieving OR or SD. 29 Such an approach reflects the modern continuum of MBC management, aiming towards stable and prolonged disease control instead of an objective and measurable response throughout an appropriate agent sequencing.
Our findings add information to interpreting patterns of treatment with F500 in a large unselected population of women with HR+/HER2− MBC, within the limits of an uncontrolled study of an observational nature, lacking in comparator and QoL data. As is known, the strength of real-life experiences is based on the possibility to verify the reproducibility of evidence-based data in daily clinical practice. The available real-world experiences, although not fully comparable for population heterogeneity, treatment line, and clinical context, globally confirm that F500 is an effective and well-tolerated therapy for postmenopausal HR+/HER2− MBC. [30] [31] [32] [33] [34] The most recently reported study described a CBR of 61% on 160 patients treated with F500 in different lines, with a PFS of 7 months and an OS of 35 months; as in our experience, visceral involvement had a prognostic value for PFS, whereas endocrine sensitivity and upfront metastatic disease negatively correlated with OS. As expected, patients who had received previous first-line ET for advanced disease exhibited a worse outcome and a lower CBR, while patients with lower body mass index had a PFS advantage. 35, 36 In our experience, the use of F500 in early disease phases translated into a better PFS and OS, with a statistically significant impact on OS at multivariate analysis. Interestingly, a progressive shift of the physician's attitude to prescribe F500 as an always earlier treatment line was observed across the study period, somehow preceding the subsequent evidence-based data.
The increasing number of options for ET and ET-based therapies is challenging the traditional approach to agent sequencing for HR+ MBC. In this complex scenario, the best agent prioritization as well as the patient selection, from both a biological and clinical point of view, remain at least partially undefined, because of the lack of ad hoc designed randomized clinical trials and reliable molecular biomarkers, particularly to effectively identify endocrine sensitivity. 37, 38 At present, the critical issue is: which patient can be treated with a single drug, and which one requires a combination treatment? The hard question remains unanswered, because an impact on OS is still unproven for the combination regimen, and the clinical criteria currently adopted to patient selection are clearly inadequate. 39 In this view, strategies to overcome resistance are of increasing interest, as recently reported in the TREND study, suggesting the addition of a CDK inhibitor at progression on ET has the potential to reverse endocrine resistance in patients with a history of previous durable response to ET itself. 40 Ultimately, additional determinants of choice of the best treatment strategy should be considered, such as pharmacoeconomic issues, regulatory drug availability, toxicity issues, patient compliance, and attitude to long-term treatment adherence.
Conclusion
Our real-life experience confirms that F500 can be safely offered to most women with HR+/ HER2− MBC, producing clinical activity both in patients treated upon PD and in those receiving the drug as a maintenance strategy. In addition, the search for potential predictive or prognostic factors showed that neither tumor-related nor patient-related variables significantly affected the probability of response, thus suggesting a good performance of the drug in the various clinical situations. The statistically significant correlation found between an earlier administration of the drug and a better clinical outcome adds information for daily decision-making, aiming for a personalized approach to treatment selection. 
